Introduction {#cesec10}
============

Stoma closure is a frequent and widely performed operation, with 6295 stoma closures done in England during 2017--18.[@bib1] The procedure has a bimodal age incidence, being needed in both young patients with inflammatory bowel disease and in older patients, typically with colorectal cancer. Closure of these wounds is associated with a high risk of complications for patients. Bowel content contamination at the stoma closure site is inevitable, increasing wound infections, which are key risk factors for wound breakdown. This breakdown can create both short-term and long-term morbidity, which can be severe.[@bib2] Incisional hernias are a direct consequence of this wound failure, resulting in an accumulating incidence of pain, reoperation, and emergency surgery over many years.

Cohort studies show that at least 30% of patients have a clinically detectable hernia in the first 2 years following stoma closure surgery.[@bib3] These hernias are associated with substantial long-term morbidity. Over the years, the need for complex reoperation accumulates, which patients might choose not to undergo until in extremis or until their daily symptoms become too severe; nearly half of patients who develop an incisional hernia at a closed stoma site ultimately require subsequent surgical repair.[@bib4] Studying contaminated wound closure (failure) is challenging due to the heterogeneity of wound size and underlying pathology.[@bib5] Stoma closure sites can be considered a controlled model for the study of contaminated wound healing.

Research in context**Evidence before this study**A systematic review of studies reporting on the incidence of incisional hernias at the site of previously closed ileostomy or colostomy identified 34 relevant studies. These were small and heterogeneous studies with short follow-up. The overall reported hernia rate was 7%, but with a wide range among the studies (0--48%). Three studies specifically assessed incisional hernia as a primary endpoint and reported a clinical hernia rate of 30% at 3 years. In 11 studies reporting reoperation rates, 51% (34 of 66) of patients who developed a hernia ultimately required a surgical repair. No randomised trials were identified evaluating prophylactic mesh reinforcement of the stoma closure site to reduce hernia rates.**Added value of this study**In this patient and assessor masked, international, multicentre, randomised controlled trial, we allocated 790 patients in a 1:1 ratio to either biological mesh reinforcement of the stoma closure site or standard closure without mesh. After 2 years of follow-up, the clinically detectable hernia rate was 12% in the mesh repair group versus 20% in the standard repair group, with a relative risk reduction of 38%. The mesh reinforcement technique was delivered with an acceptable safety profile. There were reductions in symptomatic hernia and surgical re-intervention at 2 years, but these did not reach statistical significance.**Implications of all the available evidence**Biological mesh is not currently used on a routine basis for prophylaxis in abdominal wound closure. The results of this study support the use of biological mesh in stoma closure site reinforcement to reduce the early formation of incisional hernias. As time progresses, the prevalence of symptomatic hernias and consequent need for reoperation will rise, increasing the clinical effect of hernia prevention. Data from ROCSS, particularly incorporating longer follow-up and future meta-analyses with ongoing randomised studies will inform international guidelines for prevention of incisional hernia in contaminated wounds. Stoma site closure is an elective procedure, which is a controlled model for contaminated wounds, as it involves uniform wounds that have consistent contamination levels. Evidence of benefit in stoma closure supports the case for evaluation of prophylactic biological mesh in broader groups of patients undergoing high-risk abdominal wound closure, exemplified by patients undergoing emergency laparotomy.

The evidence base for the use of mesh for prophylaxis of incisional hernias is weak when wound contamination with faeces or small bowel contents is substantial, such as that which occurs at stoma closure sites.[@bib6], [@bib7] Insertion of prosthetic material in a contaminated field can result in major long-term morbidity by providing a focus for persistent infection.[@bib8] Biological mesh, commonly made from collagen, might carry a lower infection risk as it becomes incorporated into host tissue, while still providing reinforcement to wounds at high risk of hernia.[@bib9] Some retrospective case-series have suggested that biological meshes can be safely used in complex and contaminated settings;[@bib5], [@bib9] high quality or randomised evidence is however absent and so they are not used routinely in this setting.[@bib10]

Prophylactic biological mesh implantation at time of stoma closure (to prevent incisional hernia) has not been tested in multicentre randomised studies.[@bib10] The IDEAL framework describes a pathway for testing surgical devices and innovation.[@bib11] We described proof of concept in a single case (stage 1),[@bib12] development in a short case series (stage 2A), exploration within a feasibility randomised trial (stage 2B),[@bib13] and here describe assessment within a phase 3 randomised controlled trial (stage 3).[@bib14] The primary objective of the Reinforcement of Closure of Stoma Site (ROCSS) study was to assess whether the addition of a biological mesh (collagen tissue matrix) reduced the incidence of clinically detectable stoma closure site hernias at 2 years compared with standard closure techniques.

Methods {#cesec20}
=======

Study design and participants {#cesec30}
-----------------------------

The ROCSS trial, a prospective, multicentre, two arm parallel group, randomised controlled trial, with an internal pilot study was done in 37 hospitals (35 in the UK, one in Denmark, and one in the Netherlands). The trial compared biological mesh (non-crosslinked porcine collagen tissue matrix) reinforcement of closure against standard closure techniques (no mesh) in patients undergoing elective stoma closure and was designed by the West Midlands Research Collaborative (Birmingham, UK), a trainee-led research group who have published previously in the design and delivery of randomised controlled trials in surgery,[@bib15], [@bib16] with senior support and mentorship from the Birmingham Clinical Trials Unit.

At participating centres, patients aged 18 years or older undergoing elective ileostomy or colostomy closure (loop or end) were eligible for participation. Patients were eligible irrespective of the operative approach that had originally been used to construct the stoma (open or laparoscopic), or the planned operative technique for stoma closure (trephine, midline, or laparoscopic approach). Exclusion criteria were: (1) the surgeon pre-operatively anticipated that a mesh repair would be required, for example if there was a known large parastomal hernia; (2) participation in another clinical trial of surgical technique during the same operation; (3) allergy to porcine or collagen products; (4) history of familial adenomatous polyposis (due to increased risk of cutaneous desmoid tumours, mimicking clinical diagnosis of hernia); and (5) being unable or unwilling to provide written informed consent.

Potentially eligible patients were approached for entry into ROCSS, provided with a patient information sheet and given the opportunity to ask questions. Once eligibility was confirmed, the patient was consented for participation in the trial in the outpatient clinic or following admission for their operation. Consent was obtained by suitably trained and delegated consultant surgeons, surgical registrars, or research nurses. Patients were able to withdraw consent to remain in the trial at any time.

This study is reported in accordance with the guidance set out in the CONSORT statement.[@bib15] In the UK, the study was approved by the West Midlands Research Ethics Committee (MREC number: 12/WM/0187), with appropriate ethical approvals in Denmark and the Netherlands.

The study protocol has been previously published.[@bib14] A report on the recruitment and safety data for the first 90 patients in the internal pilot has also been published (IDEAL stage 2B).[@bib13] This Article reports the results from the phase 3 multicentre randomised controlled trial (IDEAL stage 3), which was undertaken in European centres doing colorectal surgery.

Randomisation and masking {#cesec40}
-------------------------

Patients were randomly assigned in a 1:1 ratio to either biological mesh reinforcement of the stoma closure site (experimental group) or standard closure without mesh (control group). Randomisation was done by a ROCSS team member who would not participate in the patient\'s follow-up for ROCSS. Patients were randomly assigned using a computer-based algorithm with minimisation variables judged likely to influence the rate of clinical herniation: planned surgical incision (reopening of midline wound or trephine only), stoma type (ileostomy or colostomy), and planned skin closure type (primary or secondary). Randomisation was made available to site investigators. Randomisation was recommended to be done as close to the time of skin incision as possible, to optimise allocation concealment and maximise adherence, ensuring availablity of mesh in theatre (for example, randomising a month in advance of the surgery date introduces risks of theatre cancellation and variation in mesh stock). Patients' randomised allocation was not recorded in their clinical notes to prevent unmasking of outcome assessment teams. The operating surgeon, surgical assistant, and theatre team were aware of the treatment allocation, but the patient and outcome assessors remained masked to treatment allocation.

Procedures {#cesec50}
----------

In all patients, prophylactic preoperative antibiotics were given according to local protocol. The ileostomy or colostomy (including bowel, fascia, and skin) was closed in accordance with the surgeon\'s preferred technique (ie, stapled or hand sewn), choice of suture material, and suture technique.

To be eligible to participate in the trial, the local principal investigator and each participating surgeon was required to have previously done at least 20 stoma closures. Dissemination of the surgical technique was standardised for quality assurance. A mandatory site initiation teleconference with pictorial explanation of the surgical technique was supplemented by a freely available online video demonstration and pictorial aide-memoir (also available on a DVD). To ensure homogeneity of technique, every site was visited by a senior surgeon from the trial management group. During these visits, a demonstration case was undertaken with the local principal investigator and team; a non-trial consented patient underwent standardised mesh placement via a circumstomal approach. The trained site surgeon or surgeons then trained other surgeons participating at their site in the technique. This novel closure technique with biological mesh was not otherwise offered to patients outside of the trial.

For the intervention group, Strattice Reconstructive Tissue Matrix (Allergan, Oxford, UK) was provided for use as the biological mesh for ROCSS, although the specific mesh used was at the operating surgeon\'s preference. Mesh was stored and handled in accordance with the manufacturer\'s standard operating procedure. The closure technique for ROCSS was refined and protocolised during IDEAL stage 1.[@bib12] This required an intra-abdominal placement, with the mesh fixed within the abdominal cavity, deep to the peritoneum. Anchoring transfascial bites (using 2-0 polydioxanone \[PDS\], a slowly absorbable suture) were taken circumferentially and the mesh parachuted (see [video](#sec1){ref-type="sec"}) into place. A minimum circumferential fascial overlap of 3 cm was required. Once correctly sited, the fascia above was closed using a synthetic, non-absorbable, or slowly absorbable suture according to the surgeon\'s usual technique. Infiltration of up to 40 mL of local anaesthetic into the fascial layer was permitted. The remainder of the closure was at the surgeon\'s discretion, including primary (skin edges together) or secondary (skin edges apart) skin closure.

In the control group, surgeons were permitted to undertake their usual closure technique for patients randomly assigned to the control group. The only stipulations were that mesh was not placed and rapidly absorbable sutures (eg, Vicryl \[polyglactin 910\]) were not used for fascial closure.

For the assessment of clinical hernia, assessors were asked to follow a standardised clinical examination technique for the closed stoma site. The patient was examined in both standing and lying positions. Either the examiner did a Valsalva manoeuvre or the patient made a forceful cough, while the assessor placed a hand over the closed stoma site. The examiner recorded if the patient had either a palpable fascial defect with or without protrusion of bowel or fat or a global weakness around the stoma scar, without palpable fascial defect.

If the assessor was uncertain, a second masked clinician examined the patient and a consensus decision was made.

Outcomes {#cesec60}
--------

Outcome data were collected at 30 days postoperatively, and at 1 and 2 years post-randomisation. Clinical follow-up assessments and abdominal wall examinations were done by trained doctors holding Membership of the Royal College of Surgeons or equivalent qualification or an appropriately trained research nurse (assessed and delegated by the local principal investigator) who was masked to treatment allocation.

The primary outcome measure was the rate of clinically detected hernia at 2 years post-randomisation. A clinical hernia was defined as a palpable or visible discrete protrusion at the site of the stoma closure, associated with a palpable fascial defect. A 3-month time window was applied to the primary analysis. To be included in the primary analysis, the clinical examination to assess for hernia presence needed to be done within 2 years (with 3 months' flexibility either side) from randomisation. Any clinical hernias reported after this time window (ie, after 27 months) were not included in the primary analysis.

The secondary outcome measures were: (1) radiological hernia rate at 1 year post-randomisation. A radiological hernia is defined as any breach in the abdominal wall muscles or fascia visible on CT scan, with or without the passage of bowel, omentum, or fat through it. Outcome assessment was independently done by two gastrointestinal consultant radiologists who were masked to randomised allocation. Any discrepancies in radiological assessment were resolved through discussion. This outcome measure tested the performance of a CT scan at 12 months as a surrogate for 24-month clinical hernia rate; (2) symptomatic hernia rate at 1 and 2 years post-randomisation. This outcome measure was based on patient-reported hernia symptoms including a local lump or pain at the site of the stoma closure; (3) surgical re-intervention rates at 2 years post-randomisation; (4) surgical complications, including surgical site infections (30 days post-operation and 1 year post-randomisation) and seroma formation (1 year post-randomisation); (5) quality of life assessed using EuroQol EQ-5D (3 level) at 30 days post-operation, and 1 and 2 years post-randomisation; (6) pain assessed using a 100 point visual analogue scale at 30 days post-operation, and 1 and 2 years post-randomisation; and (7) health economic analysis, which was pre-planned to be reported in a subsequent paper.

Time windows were also applied to the clinical secondary outcome measures as per the primary outcome. A 10 day time window either side was applied to secondary outcome measures at 30 days (wound infection) and a 3 month time window either side was applied to secondary outcome measures at 1 and 2 years (radiological and symptomatic hernia, surgical re-intervention, wound infection, and seroma formation).

The study included a within trial economic evaluation (including costs per hernia clinically detected at 2 years post-randomisation and 2-year and long-term costs per additional quality adjusted life year gained). These findings will be reported separately.

Statistical analysis {#cesec70}
--------------------

The original sample size was based on detecting a 40% relative reduction in the 2-year clinical hernia rate (or 10% absolute reduction from 25%[@bib17], [@bib18], [@bib19] to 15% with the biological mesh) with 80% power (α=0·05) and a 10% attrition rate, which required 560 patients (280 per group). Following recommendation of the Data Monitoring and Ethics Committee, after a routine review of progress, the sample size was increased to 790 patients to give 90% power and allow for a 15% attrition rate.

All primary analyses of the primary and secondary outcomes were based on the intention-to-treat principle. The analyses were adjusted for the minimisation variables used in the randomisation algorithm (ileostomy *vs* colostomy, midline *vs* trephine incision, primary *vs* secondary skin closure) and baseline score (where appropriate). All treatment effects are presented with 95% CIs and two-sided p values with p\<0·05 considered statistically significant. Analyses were done using SAS version 9.4 or Stata 15.

The number of clinically detectable hernias at 2 years in the two treatment groups (biological mesh and control) was compared and a log-binomial regression model fitted to obtain an adjusted relative risk (RR) and 95% CI. An RR less than 1 favoured the mesh group. Categorical secondary outcome measures (eg, radiological hernia rate, symptomatic hernia rate, reoperation rate, wound infection, seroma formation) were analysed in the same manner as the primary outcome. Continuous data (eg, EuroQoL EQ-5D, pain scores) were analysed using linear regression models at each timepoint to obtain an adjusted mean difference and 95% CI. In line with the primary outcome, the 2-year data were considered the main analysis timepoint. Because data were collected over multiple timepoints, a mixed effects repeated measures analysis was done across all timepoints. Time was included as a continuous variable in the model. A treatment by time cross-term was also included and if this was not significant, then it was considered that the treatment effect was constant over time, and models without the treatment by time cross-term were fitted. An unstructured covariance structure was used.

Various sensitivity analyses were undertaken including a per-protocol analysis (ie, those actually receiving mesh *vs* those not) and analyses ignoring any time windows applied to the data analysis. Subgroup analyses were planned for the primary outcome with respect to the three variables that were used for minimisation (stoma site \[ileostomy or colostomy\]; surgical incision \[reopening of midline wound or stoma site only\]; and skin closure type \[primary or secondary\]) and an additional pre-specified subgroup relating to size of fascial defect (≤7 cm *vs* \>7 cm). Subgroup analyses used a test of interaction to explore whether there was evidence that the treatment effects differed across subgroups.

An independent Data Monitoring and Ethics Committee and Trial Steering Committee were convened. The trial was prospectively registered at ISCTRN (ISRCTN46330337) and [ClinicalTrials.gov](http://ClinicalTrials.gov){#interrefs30} ([NCT02238964](NCT02238964){#interrefs40}).

Role of the funding source {#cesec80}
--------------------------

The academic investigators retained full independence and autonomy for study conduct, including design, data collection, interpretation, and reporting. The statistical analysis group (SM, KH, NI) from Birmingham Clinical Trials Unit held and had access to the full dataset. The writing committee (see contributions) were responsible for the decision to submit. The funder of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.

Results {#cesec90}
=======

Between Nov 28, 2012, and Nov 11, 2015, we screened 1286 patients for the trial, of whom 790 patients were randomly assigned. Of the screened patients who were not randomly assigned, 137 were ineligible, 112 eligible patients declined participation, and 247 eligible patients were not randomly assigned for other reasons. The acceptance rate among patients who were potentially eligible was 68·8% (790 of 1149, [appendix p 2](#sec1){ref-type="sec"}).

From the 790 patients, 394 patients were randomly assigned to mesh and 396 to control ([figure](#fig1){ref-type="fig"}). Within the mesh group, four patients did not have their stoma reversed and 17 did not receive mesh, resulting in 373 mesh placements (95% compliance, [appendix pp 3--4](#sec1){ref-type="sec"}). In the control group, seven patients did not have their stoma reversed and three received mesh (97% compliance). At 2-year follow-up, 95% of expected patients completed follow-up in the mesh group (344 of 364) and 94% in the control group (349 of 370; [figure](#fig1){ref-type="fig"}). The intention-to-treat primary outcome analysis was then restricted on the basis of stomas not reversed (n=11), missing data in the 24 month form (n=32), follow-up outside the 3-month time window either side (n=12), and no 24-month follow-up form (n=85). 82% of randomly assigned patients in the mesh group (323 of 394) and 83% of randomly assigned patients in the control group (327 of 396, [appendix p 6](#sec1){ref-type="sec"}) contributed to the analysis of the primary outcome.FigureTrial profile\*For detailed reasons, see [appendix p 3](#sec1){ref-type="sec"}. †For detailed reasons, see [appendix p 4](#sec1){ref-type="sec"}.

The mean age of trial participants was 58·7 years (range 18--89) and 514 (65%) of 790 were male ([table 1](#tbl1){ref-type="table"}). Most stomas had two lumens (605 \[77%\] of 790) and just more than half were initially formed for cancer treatment (444 \[56%\] of 790). The parastomal hernia rate, assessed clinically before surgery, was 26% (205 of 790).Table 1Baseline characteristics**Mesh (n=394)Control (n=396)Total (n=790)Age, years**Mean58·4 (16·0)59·0 (16·0)58·7 (16·0)Range18·0--89·019·0--89·018·0--89·0**Sex**Male263 (67%)251 (63%)514 (65%)Female131 (33%)145 (37%)276 (35%)**Body-mass index**Mean26·8 (4·8)26·6 (5·2)26·7 (5·0)**Diabetes**No351 (89%)357 (90%)708 (90%)Yes42 (11%)37 (9%)79 (10%)Missing1 (\<1%)2 (\<1%)3 (\<1%)**Steroid medications**No377 (96%)382 (97%)759 (96%)Yes15 (4%)12 (3·0%)27 (3%)Missing2 (\<1%)2 (\<1%)4 (\<1%)**Original indication for stoma?**Cancer227 (58%)217 (55%)444 (56%)Non-cancer167 (42%)179 (45%)346 (44%)**Type of stoma opening**Loop295 (75%)310 (78%)605 (77%)End99 (25%)86 (22%)185 (23%)**Type of stoma being closed**[\*](#tbl1fn1){ref-type="table-fn"}Ileostomy315 (80%)316 (80%)631 (80%)Colostomy79 (20%)80 (20%)159 (20%)**Side of stoma**Right side307 (78%)306 (77%)613 (78%)Left side87 (22%)90 (23%)177 (22%)**Parastomal hernia evident**No284 (72%)301 (76%)585 (74%)Yes110 (28%)95 (24%)205 (26%)**Midline incisional hernia evident**No372 (94%)380 (96%)752 (95%)Yes22 (6%)16 (4%)38 (5%)**Midline laparotomy planned**[\*](#tbl1fn1){ref-type="table-fn"}No339 (86%)341 (86%)680 (86%)Yes55 (14%)55 (14%)110 (14%)**Planned skin closure**[\*](#tbl1fn1){ref-type="table-fn"}Primary274 (70%)274 (69%)548 (70%)Secondary120 (30%)120 (30%)240 (30%)Missing02 (1%)2 (\<1%)[^2][^3]

The median duration of surgery was 90 min (IQR 70--130) in the mesh group and 70 min (50--100) in the control group ([table 2](#tbl2){ref-type="table"}). A midline incision was done in 124 (16%) of 790 individuals and a parastomal hernia was confirmed at surgery in 293 (37%) of 790 individuals. The mesh was placed in the recommended (intraperitoneal) surgical plane in 363 (92%) of 394 individuals, with five meshes placed above posterior rectus sheath and three meshes between peritoneum and posterior rectus sheath (data missing for two patients, mesh not placed for 21 patients; [appendix pp 3--4](#sec1){ref-type="sec"}).Table 2Intraoperative findings and procedures**Mesh (n=394)Control (n=396)Total (n=790)**Number of intraoperative forms available393396789Duration of surgery (to nearest 10 min)90 (70--130)70 (50--100)80 (60--120)Surgical accessNon-midline326 (83%)337 (85%)663 (84%)Midline66 (17%)58 (15%)124 (16%)Missing1 (\<1%)1 (\<1%)2 (\<1%)Evidence of midline herniaNo342 (87%)351 (89%)693 (88%)Yes32 (8%)25 (6%)57 (7%)[\*](#tbl2fn1){ref-type="table-fn"}Suture repair131326Mesh repair[†](#tbl2fn2){ref-type="table-fn"}213Missing19 (5%)20 (5%)39 (5%)Evidence of parastomal herniaNo233 (59%)231 (58%)464 (59%)Yes142 (36%)151 (38%)293 (37%)Missing18 (5%)14 (4%)32 (4%)Size of fascial defect≤7 cm274 (70%)265 (67%)539 (68%)\>7 cm11 (3%)20 (5%)31 (4%)Missing108 (27%)111 (28%)219 (28%)[‡](#tbl2fn3){ref-type="table-fn"}Skin closureFully closed200 (51%)192 (49%)392 (50%)Left partially or completely open192 (49%)199 (50%)391 (49%)Missing1 (\<1%)5 (1%)6 (1%)[^4][^5][^6][^7]

A significant difference was observed in the clinically detectable hernia rate at 2 years between the two groups: 12% (39 of 323) in the mesh group versus 20% (64 of 327) in the control group (adjusted RR 0·62, 95% CI 0·43--0·90; p=0·012; [table 3](#tbl3){ref-type="table"}). A per-protocol analysis gave similar results (0·60, 0·41--0·88; p=0·009), as did the other sensitivity analyses undertaken ([appendix p 7](#sec1){ref-type="sec"}).Table 3Primary and secondary outcomes**MeshControlAdjusted relative risk**[\*](#tbl3fn1){ref-type="table-fn"}**(95% CI)p valuePrimary outcome**Clinical hernia at 2 years39/323 (12%)64/327 (20%)0·62 (0·43--0·90)0·012**Secondary outcome at 30 days**Wound infection60/371 (16%)49/369 (13%)1·19 (0·84--1·68)0·32**Secondary outcomes at 12 months**Radiological hernia20/229 (9%)47/226 (21%)0·42 (0·26--0·69)\<0·001Symptomatic hernia27/316 (9%)36/315 (11%)0·75 (0·47--1·21)0·24Wound infection63/364 (17%)53/362 (15%)1·16 (0·83--1·60)0·39Seroma formation10/353 (3%)8/355 (2%)1·26 (0·51--3·14)0·61**Secondary outcomes at 24 months**Symptomatic hernia52/329 (16%)64/331 (19%)0·83 (0·60--1·16)0·29Surgical re-intervention at stoma site42/344 (12%)54/346 (16%)0·78 (0·54--1·13)0·19[^8][^9]

The primary analysis for radiological hernia rate was based on the 455 patients (58%) who had a CT scan within 3 months of the 1-year timepoint. A significant difference was seen in the radiological hernia rate at 1 year, with rates of 9% (20 of 229) in patients in the mesh group versus 21% (47 of 226) in patients in the control group (adjusted RR 0·42, 95% CI 0·26--0·69; p\<0·001; [table 3](#tbl3){ref-type="table"}). Demographic details for patients included in the analysis for the radiological hernia outcome at 1 year (n=455) are shown in the [appendix (p 8)](#sec1){ref-type="sec"}, showing no clinically important differences.

There was a reduction in symptomatic hernia (52 \[16%\] of 329 *vs* 64 \[19%\] of 331, adjusted RR 0·83, 0·60--1·16; p=0·29) and surgical re-intervention (42 \[12%\] of 344 *vs* 54 \[16%\] of 346, adjusted RR 0·78, 0·54--1·13; p=0·19), but these did not reach statistical significance within the 2-year follow-up period ([table 3](#tbl3){ref-type="table"}). Insertion of mesh was not associated with any measurable increase in pain in the first 30 days after surgery ([appendix p 9](#sec1){ref-type="sec"}) and no associated increase in wound infection or seroma ([table 3](#tbl3){ref-type="table"}). No significant differences were seen between groups for patient reported quality of life in the first 2 years of follow-up ([appendix p 10](#sec1){ref-type="sec"}). Of the 96 surgical re-interventions, 32 (33%) occurred within 30 days of randomisation; 14 in the mesh group and 18 in the control group.

418 serious adverse events were reported in 274 patients ([appendix p 11](#sec1){ref-type="sec"}). At least one serious adverse event was reported in 141 \[36%\] of 394 patients randomly assigned to the mesh group versus 133 \[34%\] of 396 in the control group (adjusted RR 1·06, 95% CI 0·88--1·28; p=0·53). Four patients died within 30 days (two in each group), and during the trial 29 deaths were reported (13 \[3%\] of 394 in the mesh group *vs* 16 \[4%\] of 396 in the control group).

No evidence was found that the treatment effect differed according to surgical incision, skin closure type, or size of fascial defect. For stoma type (ileostomy *vs* colostomy), there was possible evidence of a difference (test for interaction p=0·060). For those randomised to mesh who had an ileostomy, the risk of a clinical hernia was reduced (adjusted RR 0·51, 95% CI 0·33--0·79) compared with those who had a colostomy (adjusted RR 1·11, 95% CI 0·55--2·22; [appendix p 5](#sec1){ref-type="sec"}).

Discussion {#cesec100}
==========

This study found that reinforcement of the abdominal wall with a biological mesh at the time of stoma closure prevented the development of clinical and radiological incisional hernia within 2 years of surgery. Biological mesh insertion was not associated with additional early complications, either during surgery or in the follow-up period.

Abdominal wall reinforcement with mesh was associated with an absolute reduction in symptoms and reoperation in the first 2 years after surgery, but this was not significant. These findings were unidirectional (reduction with mesh) with wide CIs, and small reductions in these areas might still be important to patients. The natural history of a hernia is to gradually increase in both size and symptoms, and to accumulate complications over a patient\'s lifetime.[@bib17] Although the majority of incisional hernias will start to form within 2 years of surgery,[@bib17] this timepoint is early to assess the subsequent development of symptoms and need for reoperation. Thus, clinically detectable hernia is a more suitable primary endpoint than patient reported symptomatic hernia at 2 years, as at that point it is too early for the full spectrum of symptoms to have been reported. The mesh insertion added 20 min to the median duration of surgery. This additional resource use should be balanced against an accumulating number of reoperations for symptomatic hernias. A full health economic analysis of ROCSS will be published separately.

There remains controversy over the precise placement of the mesh with respect to the layers of the abdominal wall. In the ROCSS trial, intra-abdominal placement (deep to the abdominal wall) was agreed following a series of consensus meetings with clinicians. It was selected because of reduced technical complexity and was therefore believed to be more widely acceptable across the surgical community. In practice, no centres withdrew from the study and adherence to study protocol was higher than we anticipated. The intraperitoneal position was associated with a lower seroma rate than has been previously reported in cohorts in which mesh placement was within the layers of the abdominal wall.[@bib5], [@bib9] This mesh positioning was not associated with increased pain. These data will be informative in the design of future hernia prevention studies.

Subgroup analyses suggested a possible greater benefit for mesh in patients undergoing ileostomy closure than those undergoing colostomy, although the result should be interpreted with caution. The potential reason for this finding is not obvious, although it seemed unrelated to the size of wound. It could be related to underlying disease (ileostomy is most common in inflammatory bowel disease), patient age (ileostomy patients tend to be younger), or to a chance finding. Further analysis in a subsequent report will help detect these differences, but was beyond the scope of this primary analysis for which we followed a pre-planned, published statistical analysis plan.

Unfortunately, there are not yet any published randomised controlled trials that are comparable with the current trial. Two ongoing randomised trials will add to the knowledge base of reinforcement of stoma site closure. A three-group French trial of 381 patients is assessing a synthetic mesh, a biological mesh, and a control group, with mesh placement in a retrorectus position ([NCT02576184](NCT02576184){#interrefs50}). A Dutch trial is assessing a synthetic mesh in a retrorectus position in 130 patients ([NCT03750942](NCT03750942){#interrefs60}). Although both trials are smaller than ROCSS, they will enhance the evidence base and allow for correlation of findings between different mesh types and precise placement within the abdominal wall.

A strength of ROCSS is that it shows a structured evaluation of surgical innovation, following the IDEAL framework from stage 1 to stage 3.[@bib11] The research team developed the surgical technique, and evaluated safety in a published series of patients. Acceptability, reproducibility, and generalisability were tested in an internal pilot study. The pragmatic design of the randomised trial allowed inclusion of patients with small parastomal hernias and showed delivery across a multicentre, international setting, indicating that the results are generalisable for routine clinical practice. The quality assurance of delivery of technique through both in-person training and active monitoring during the trial contributed to standardisation of intervention and reproducibility of the outcome across a multicentre setting. Randomisation before incision, no longer than 1 week before surgery meant that supply of mesh could be ensured (sites had different pathways for storing mesh), but also meant that intraoperative preferences were avoided (eg, surgeon preference during challenging procedures) and eligibility was maximised. Mandating follow-up in a well patient population was a particular challenge in ROCSS. Its completion required input from many clinical staff and was greatly facilitated by trainee collaborative support.

There might have been a learning curve effect of mesh placement that was not detected within this analysis. However, eliminating such an effect should serve to increase the clinical effect rather than reduce it. Any effect on safety was so low as to be undetectable, so any learning curve effect is likely to be minor. Most colorectal surgeons might need to become competent in mesh placement, as it will benefit patients with inflammatory bowel disease, colorectal cancer, and those needing emergency surgery; these patients are part of the clinical workload of most colorectal surgeons. The implementation of ROCSS across 32 centres shows a model for broader dissemination, with the training video openly accessible online and local champions disseminating the technique. Wide scale monitoring will help establish the safety of both the learning curve and use in routine practice, in keeping with IDEAL stage IV assessment (long-term monitoring). This study included three European countries although the majority were from the UK (35 of 37). Dissemination across western Europe is likely to be similar, although beyond this region dissemination might vary, especially regarding ability of local champions to train other surgeons, depending on local practices.

Limitations of the study include that ROCSS encompassed only 2 years of follow-up. Further follow-up of this randomised population is possible and should provide valuable data as to the medium term (5 year) effect on patients and health-care providers of increasing hernia complications, notable patient symptoms, and further surgery. Follow-up in the community would also enable measurement of resource use outside the hospital.

Secondly, the observed hernia rate in ROCSS was lower than that anticipated by an earlier systematic review.[@bib3] The predicted control event rate was 25% but the observed rate was 20%. The most probable overall factor affecting this result is the additional training in both procedures that standardised practice. However, other causes need to be considered. It is possible that patients entering the trial could have been of lower risk than the average population undergoing stoma closure; for example patients with parastomal hernia, who have a high risk of stoma site hernia, might have been less likely to be recruited. This selection bias might have reduced the subsequent hernia rate. Additionally, there might have been an overall decline in hernia rates since when the original studies included in the systematic reviews were done, although this speculation is beyond the scope of the collected data.

Thirdly, ROCSS used a general quality of life questionnaire (EQ-5D) that might have missed differences in stoma related symptoms. No validated hernia questionnaires were available at the time the study was designed. However, newly validated questionnaires specific to abdominal wall quality of life are now available for future studies.[@bib18] It is the future burden of symptoms and reoperations that will drive the long-term health-care resource use and quality of life for incisional hernias at stoma sites. 2 years was too early to detect the maximum differences that will occur once hernias have enlarged and started to cause greater symptoms. However, it was a suitable timeframe for the primary endpoint and long-term follow-up is planned.

Fourthly, we did not capture the exact type of fascial closure that was done, although ROCSS did stipulate synthetic, non-absorbable, or slowly absorbable suture had to be used. It is feasible that fascial closure technique has an effect on incisional hernia rate, as shown through the STITCH trial.[@bib19] However, any bias here (eg, variability in individual surgeon preference) should have been distributed across trial groups. This equal distribution is indicated by skin closure techniques, which were similar between groups, with a 51% fully closed skin closure technique in the mesh group and a 49% rate in the control group.

Fifthly, obtaining CT scans during correct time windows in all patients and centralising scans nationally and internationally was highly challenging because of timing constraints (eg, cancer follow-up requirements). We have presented an analysis of patients for whom we did not receive scans that showed no clinically important differences. However, the analysis of 1 year CT should be considered as exploratory.

Finally, we did not test interobserver reliability of the assessment of the primary endpoint, nor did we stipulate a second examination if the first revealed no hernia. It is possible that there was variation in application of the definition and examination technique, although the training package around this assessment sought to minimise variation. However, since the outcome assessors were masked, any biases in examination techniques should have been evenly distributed across both groups.

ROCSS has established that biological mesh insertion can be safely implemented across different health systems and prevent a substantial proportion of hernias following closure of a complex contaminated wound. Longer follow-up will establish the size of effect on hernia complications and reoperation. Although there are long-term concerns with prosthetic mesh placement in other indications (eg, female genitourinary prolapse surgery), the same findings are far less probable with biological mesh. Long-term follow-up will ultimately provide the data patients and commissioners need to make decisions. The findings raise the question as to whether biological mesh should now be evaluated in closure of other high-risk wounds.
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Supplementary appendix

Supplementary VideoThe video shows the surgical technique used in the ROCSS trial. The demonstration was provided to ensure homogeneity of technique between surgeons.**Youtube url:** https://youtu.be/GR5rMQFZvqM
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[^1]: Collaborators are listed at the end of the Article

[^2]: Data are mean (SD) or n (%).

[^3]: Minimisation variables.

[^4]: Data are n, median (IQR), or n (%).

[^5]: Data were available on method of midline hernia repair for 29 of 57 patients, and were missing for 28 patients.

[^6]: Repaired using a separate mesh to that used for trial.

[^7]: The missing data are presented because size of fascial defect was added to the case report form a third of the way through the trial.

[^8]: Data are n/N (%) unless otherwise specified.

[^9]: Adjusted for minimisation variables (midline laparotomy planned; planned skin closure; type of stoma being closed). An adjusted relative risk value of less than 1 favours mesh.
